Exophthalmos was produced by the androgens methyl testosterone and testosterone phenylacetate, but not by oestradiol dipropionate, in two species of teleost fish, Sparisoma squalidum and Scarus croicensis. Marked exophthalmos was produced by l-thyroxine and 3,5,3\m='\-triiodothyronine in the above two species and also in Bathystoma aurolineatum. The thyroidal origin of exophthalmia in fish is discussed.
The relationship between pituitary, thyroid, as well as activity of the reproductive system and exophthalmos has long been recognized [Williams, 1950] . Although recently anexophthalmos-producing substance (EPS) has been demonstrated in the pituitary of mammals [Dobyns & Steelman, 1953 ; Dobyns & Wilson, 1954] , there is little evidence for the presence of EPS in the fish pituitary and observations on the exophthalmic condition in these animals have generally been made incidental to other work. Furthermore, the production of exophthalmos is less well understood in fish than mammals and treatment with thyroid preparations sometimes results in proptosis, while mammalian pituitary preparations (which are known to stimulate fish thyroids) very often have no apparent effects on the eyes [Pickford & Atz, 1957] . However, although treatment of fish with pituitary gonadotrophins or gonadal hormones does not usually appear to result in exophthalmos, Robertson [1955] has mentioned that a well-marked exophthalmos was produced in Salmo gairdneri from a single injection of partially purified salmon gonadotrophin. The possible mode of action was not discussed.
The present paper describes the production of exophthalmos in two species of teleost fish by the synthetic androgens testosterone phenylacetate and methyl testo¬ sterone. An account is also given of the production of exophthalmos in fish by 3,5,3'-triiodothyronine [Langford, 1957] -1-9 + 1-3 -4-0+ 3-8
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simulate the preservative included in the commercial testosterone phenylacetate preparation. Sparisoma squalidum. The effect of treating a common Bermuda fish, the white grunt, Bathystoma aurolineatum, was that although triiodothyronine and L-thyroxine pro¬ duced a marked exophthalmos (Plate, fig. 2 ) no response could be obtained by treat¬ ment with androgens or oestrogens. In addition to an increase in intercorneal distance the grunts showed an increase in pigmentation of the skin after 3 days and, unlike the controls, these fish showed no lightening of the skin when placed on a white background.
The oedema associated with the proptosis of the eyes did not appear to extend to the bodies of the fish so affected, and in all experiments involving all species offish no changes of interorbital distance were observed. DISCUSSION Pickford & Atz [1957] have reviewed the reports of exophthalmos produced in fish after treatment with thyroid extracts or thyroxine. The present study, however, reports on measured changes in intercorneal distance and, in addition, provides more evidence for the production of exophthalmos in fish by thyroidal substances. It may be that most, and perhaps all, instances of exophthalmos reported in fish have been due to a direct thyroidal effect and not the result of pituitary stimulation. In fact, the factors which produce exophthalmos in fish may be quite different from those in mammals. Reports in the literature of exophthalmos being produced in fish by TSH and EPS might be explained by their acting upon the thyroid, thyroidectomy not having been performed in such cases. However, the critical experiment of thyroidal treatment after hypophysectomy on a fish which gives a ready exophthalmic response to thyroidal substances is required before it can be shown that the pituitary is not implicated.
With regard to mammals, Gilliland [1958] has stated 'it seems difficult to concede that EPS can be a naturally occurring hormone, but more likely that it is a degrada¬ tion product '. In view of the negative results reported in the present work from the injection of fresh whole pituitary homogenates into fish, which exhibit exophthalmos readily after thyroxine and androgens, this statement may also apply to fish.
If, as has been postulated, a thyroidal product is the cause of exophthalmos in fish, one might expect the androgen effect here described to be due to thyroid stimulation. Preliminary investigations on the thyroid and pituitary, which will be described else¬ where, have shown this indeed to be so, a marked hypertrophy of the thyroid gland occurring in Sparisoma squalidum treated with methyl testosterone or testosterone phenylacetate. If this observation can be confirmed by in vivo studies of thyroid activity, then in this way the production of exophthalmos in Salmo gairdneri by gonadotrophin might be explained and the uncertainty in the literature with regard to gonad-thyroid relationship in fish resolved [Robertson, 1955; Barrington & Matty, 1954] . However, as knowledge of the aetiology of exophthalmos in mammals is incomplete [Gilliland, 1958] , it would be unwise without more investigation to specu¬ late further on its aetiology in fish.
The failure of oestradiol dipropionate to produce exophthalmos in immature and mature, female and male, Sparisoma squalidum and Scarus croicensis may indicate, as in mammals, a fundamental difference in response of the thyroid of fish to oestro¬ gens and androgens ; it also suggests that the exophthalmic effect of androgens is very specific. Certainly the dosage level of both oestradiol and the androgens administered in the present experiments was in the pharmacological rather than the physiological range [Bretschneider & Duyvené de Wit, 1947] . Fig. 2 (Facing p. 318)
